Summary  The study of propagation of signals by means of theoretical models in power distribution lines using computational tools has become important to forecast the propagation environment, as well as the identification of communication failures that decrease the signal coverage or block transmission completely, implying in the increase of service quality indicators penalties, and the average time of service, TMAE. Thus, an analysis was made of the propagation environment in the region of a feeder located in the state of Mato Grosso, from the choice of critical points and distant from the Substation. Initially, the objective was to identify possible shadow areas, considering the terrain profile in the feeder region and obstacles present in the path between transmitter and receiver. Computer simulations were performed with the parameters of radio and irradiating system using the Radio Mobile software. The objective of the study was to analyze the radio signal coverage of a feeder, verifying obstruction points and the impact of these in the communication and the attendance of the teams, considering aspects of feeder topology, road access and terrain conditions.
INTRODUCTION
The state of Mato Grosso (MT) has an area of approximately 903,386.1 km² with plateaus in the center, plain with marshes to the west and depressions and plateaus to the north. The energy market in the state of Mato Grosso presented in 2015 an average demand for active power of around 1.9 GW and an energy consumption of around 8,537 GWh, with increasing characteristics of expansion with the entry of new industries in the agribusiness sector. However, this growth is not accompanied by the transportation infrastructure despite being made basically of road transport. Of the more than 84,000 km of highways in the state, only about 5% are paved. The lack of conservation of the roads and at the same time, the unfavorable climatic conditions at some periods of the year hinders the movements of the power distributor's service teams. In addition, the terrain arrangement in some regions and the large distances added to the lack of coverage for communication systems such as mobile phones and radio telephony end up making communication of power distributors communication centers with the field teams difficult, causing delays in maintenance, communication failures and insecurity for the field teams. One of the main activities of electric power distribution companies is servicing technical and commercial requests. In general, task distribution among the various teams that perform the requests is done considering the request profile and the service region of the teams, which can lead to a non homogeneous division of tasks between them, overloading some teams, dropping quality, leaving some teams idle, reducing operational efficiency and increasing company spending. The deadlines for meeting the various types of commercial service requests are determined by the National Electric Energy Agency (ANEEL). In order for distribution utilities to reach such targets, they need to scale and monitor their field teams so that there is no surplus or shortage of teams per region, aiming for a satisfactory service to users at a reduced cost. In addition to the sizing of the teams, it is necessary to designate them at the service locations so that the time of travel of the available and properly equipped teams to the aforementioned locations is as small as possible. This article analyzes the radio signal propagation environment in the region of a feeder, using Radio Mobile software. This is free and available for radio amateurs and for educational purposes, adopting the Irregular Terrain propagation model (ITM), also known as Longley-Rice model. This tool allows simulations for point-to-point link situations or point-to-area situations to check the coverage of the radio signal. Terrain elevation data can be obtained for free from different image bases, such as NASA (STRM), Open Street Map, TerraServer, Google Earth, among others.
2.

Service Quality Indicators
According to the National Electric Energy Agency DEC represents the amount of time consumers were left without electricity. The causes of these disconnections are lightnings, birds or animals, equipment failures, among others. When the distributor has DEC and FEC limits higher than those recommended by ANEEL, it suffers penalties. Another service quality indicator is TMAE, which indicates the average time of emergency care. This indicator is composed by three parts, one of which is the team's travel time, which comprises the time the maintenance team takes to find the defect and move to that point. Often, this process is hampered by the communication difficulties of the plant with the maintenance teams. Therefore, it is interesting to study how the distribution system of the distributor is, and for this it is necessary to analyze the radio signal coverage in the State.
Analysis of Radio Signal Propagation Conditions in the Studied Feeder Region
The study of signals propagation using theoretical models and computational tools has become important to predict the propagation environment and to identify obstructions that reduce the signal coverage or completely block its transmission. The proposed feeder study uses the Irregular Field Propagation Model (ITM), also known as Longley-Rice model [3] . This model calculates the mean signal loss based on the terrain profile and troposphere refractive conditions [4] . The model may be used to predict signal loss in a pointto-point link condition or in a point-to-area condition. In this study, the computational simulations using the Longley-Rice model are aimed at verifying the conditions of signal coverage and possible obstruction points that impact the sending of work orders to the maintenance teams in real time.
The feeder studied serves part of its consumers in a rural area far from the substation and difficult to access. From the topology of the feeder, shown in figure 02 , and considering the access conditions for the maintenance teams, critical points were chosen at the ends of the feeder for the study. From the critical points, and from information about the terrain profile and information about the communication system between the operations center and the maintenance teams, computational simulations were performed to identify possible shadow regions and obstacles present in the path between transmitter and Receiver.
Computational Simulations
The definition of reception points for analysis of the radio signal coverage was based on the feeder topology, as shown in Figure 02 , and the field inspection of some of the feeder sections. Initially, points at the feeder end were chosen which represent theoretically difficult access points for the field crews and at the same time obstruction points of the RF signal. Based on this information, 9 points were defined from the Substation and 9 radials were drawn for analysis. Figure 03 illustrates one of these chosen radials. For each radial terrain profiles were obtained using the available databases in software environment Mobile Radio ® [5] . 
Results
Computational simulations were performed for each of the radials considering a point-to-point connection situation between the substation and the points located at the ends of the feeder. The information of the communication system of the substation and the reception system available in the vehicles of the maintenance teams was inserted in the computational model. In all, 58 points of obstruction were identified along the feeder, however, most of the identified obstruction sections are located in distant regions of the line or even at points where the teams do not move to service, so they are not considered of interest for the study. Thus, 9 points will be presented that have a significant impact on the system. Table 1 presents the results obtained for each of the chosen radial. In each radial all the sections of obstruction of the signal were identified with their coordinates and distance. The radials that connect the substation to points 4, 5 and 6 have the largest number of stretches with obstruction of the signal. Radials 2, 4 and 7 present the longest stretches of signal jamming from the transmitter located at the substation. The obstruction sections were defined considering that the reception threshold of radios in the Car the staff is approximately 0.22 mV (-120 dBm) and the received levels are below this threshold value. Thus, through the results obtained, it is perceived that the feeder presents communication failures in several stretches, due to the terrain profile and the communication system used. This fact has a direct impact on the TMAE, since one of the parts that compose it is the preparation time of the emergency response teams, which indicates the efficiency of the communication system. In this way, this feeder will negatively influence the DEC of the feeder set of the substation to which it belongs.
CONCLUSION
The growing improvement and optimization of processes supported by computer systems has led companies in the electricity distribution sector to increasingly seek a better Terrain Profile harmonization of the following aspects: quality service to customer demands, compliance with regulatory requirements and need for adequacy Operating costs. This paper presents an analysis of the propagation of the communication signal of a feeder belonging to a substation located in the state of Mato Grosso. In Brazil, distribution networks are mostly built in aerial structures (poles) because of their lower cost compared to underground networks. However, the aerial installation leaves the network more susceptible to the action of several agents, causing failures in its operation. These faults are usually designated by the term "faults", derived from the English term fault (i.e, defect). The most common causes of faults in the distribution network are road blocking by vehicles, lightning strikes, and tree branch drops and objects in the network. The occurrence of a fault may cause interruption of the electricity supply, which requires an emergency intervention by the Distributor. The period of time elapsed from the occurrence of the fault to the reestablishment of the power supply is a critical factor for the concessionaire, which affects the company image, service billing and indicators monitored by ANEEL (National Electric Energy Agency). This period, which is called the TMAE, is composed of three parts: preparation time (between knowledge of the existence of an occurrence and the moment of authorization for the displacement of the team), time of displacement (Between the moment of authorization for the movement of the team to the moment of arrival at the site) and execution time (between the time of arrival at the place of occurrence and the restoration of the power supply). This paper analyzed the radio signal coverage of a feeder using Radio Mobile software. By means of this analysis, it was verified that this feeder presents many points of obstructions of the signal, due to the terrain profile and the characteristics of the communication system. It is noticed that such behavior of the system directly impacts on the indicators of service quality of the set, implying in increase of the penalties suffered by the distributor. Therefore, it is recommended that studies should be performed to improve the coverage of the communication signal, reducing the TMAE as well as the DEC of the distributor, thus improving the quality of the service.
